Viability analysis of cryopreserved rat pancreatic islets using laser scanning confocal microscopy.
We have developed a digital image analysis technique to assay the viability of frozen-thawed pancreatic islets by using laser scanning confocal microscopy (LSCM) in conjunction with double fluorescent staining [acridine orange/propidium iodide (AO/PI)]. Freshly isolated rat pancreatic islets were cultured for 18-24 h and then brought to a 2 M concentration of dimethyl sulfoxide (Me2SO) by serial addition at decreasing temperatures. Ice was nucleated in the islet suspension at a defined temperature (-10 degrees C), followed by a controlled period for equilibration and then cooling in a programmable bulk freezer at rates of 0.3, 1, 3, 10 and 30 degrees C/min to -70 degrees C. Samples were then stored in liquid nitrogen. Subsequent to rapid thawing and serial dilution with sucrose solution to remove Me2SO, AO/PI-stained individual islets were prepared for imaging on the LSCM. A series of optical sections through individual stained islets were obtained and processed to obtain high-contrast images at two different wavelengths; 488 nm and 514 nm for viable and damaged tissue, respectively. Image analysis algorithms consisted of template masking, generation of histograms of the pixel intensity profile, and gray level thresholding to obtain binary images. The total percentages of both types of tissue in the islet were computed by summing the two populations in each serial section. The spatial distributions of viable and damaged tissue were calculated from the three-dimensional (3-D) data base for both cultured (control) and cryopreserved islets. The 3-D spatial distributions of damaged and viable tissue in the islets were computed by determining the normalized distance of each viable/damaged voxel from the centroid of the islet volume to a mathematically estimated 3-D superquadric surface used to estimate the outer boundary of the islet. Further, each isolated damaged cell was identified and its volume determined. These studies indicate that cryopreserved islets exhibit shape distortion and a decrease in the numerical density of cells in comparison to unfrozen controls. Maximal survival was observed at the slower cooling rates. Accordingly, damage was found to occur throughout the 3-D islet volume in distinct spatial distributions for islets frozen at the slower and the faster cooling rates. Further, it was found that the volume of the majority of damaged cells identified was consistent with that of cells ranging in diameter from 5 to 9 micrometers.